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Abstract 
Cyanotoxins are toxic metabolites produced by cyanobacteria, posing significant risks to human health and aquatic ecosystems, 

particularly in water supply systems and aquaculture. This systematic review examines the occurrence, risks, and control strategies of 

these toxins, compiling recent studies to provide a comprehensive overview. The analysis reveals that cyanotoxins, such as 

microcystins, saxitoxins, and cylindrospermopsins, are frequently detected in reservoirs and aquaculture tanks, with seasonal and 

geographical variations influencing their prevalence. Associated risks include acute and chronic poisoning in humans, aquatic organism 

mortality, and economic losses for the aquaculture industry. Control strategies are discussed in three categories: prevention (monitoring 

and nutrient reduction), removal (physicochemical techniques such as filtration and oxidation), and mitigation (using biodegradation 

and algicidal agents). The review emphasizes the need for integrated policies and accessible technologies to minimize contamination, 

especially in regions with limited treatment infrastructure. It concludes that a combination of traditional and innovative approaches is 

essential to ensure water security and sustainable aquaculture. 

Keywords: Aquatic microbiology; Biodegradation; Public health; Seasonality. 

 

Cianotoxinas em Águas de Abastecimento e Piscicultura: Uma Revisão Sistemática 

sobre Ocorrência, Riscos e Estratégias de Controle 
 

Resumo 
Cianotoxinas são metabólitos tóxicos produzidos por cianobactérias, representando um risco significativo para a saúde humana e 

ecossistemas aquáticos, especialmente em águas de abastecimento e sistemas de piscicultura. Esta revisão sistemática aborda a 

ocorrência, os riscos e as estratégias de controle dessas toxinas, compilando estudos recentes para fornecer uma visão abrangente do 

tema. A análise revela que cianotoxinas, como microcistinas, saxitoxinas e cilindrospermopsinas, são frequentemente detectadas em 

reservatórios e tanques de aquicultura, com variações sazonais e geográficas influenciando sua prevalência. Os riscos associados 

incluem intoxicações agudas e crônicas em humanos, mortalidade de organismos aquáticos e prejuízos econômicos para a indústria da 

piscicultura. Estratégias de controle são discutidas em três categorias: prevenção (monitoramento e redução de nutrientes), remoção 

(técnicas físico-químicas como filtração e oxidação) e mitigação (uso de biodegradação e agentes antialgas). A revisão destaca a 

necessidade de políticas integradas e tecnologias acessíveis para minimizar a contaminação, especialmente em regiões com limitada 

infraestrutura de tratamento. Conclui-se que a combinação de abordagens tradicionais e inovadoras é essencial para garantir a segurança 

hídrica e a sustentabilidade da aquicultura. 

Palavras-chave: Biodegradação; Microbiologia aquática; Saúde pública; Sazonalidade. 
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1. Introduction 

Cyanobacteria are photosynthetic 

prokaryotic microorganisms of significant 

ecological and sanitary relevance due to their ability 

to produce toxins known as cyanotoxins (Chorus & 

Bartram, 1999). These organisms thrive in eutrophic 

water bodies, particularly in tropical regions such as 

the state of Rondônia, where aquaculture has 

emerged as a vital economic activity (Peixe BR, 

2022). The intensification of fish farming, coupled 

with the discharge of agricultural and urban 

effluents, has exacerbated the eutrophication 

process, creating favorable conditions for blooms of 

potentially toxic cyanobacteria (Pompêo et al., 

2022). 

In aquaculture, water quality is a critical 

determinant of productive success. Fishponds 

function as artificial aquatic ecosystems in which 

abiotic and biotic conditions can be partially 

controlled (Macedo & Sipaúba-Tavares, 2010). 

However, nutrient accumulation—particularly 

nitrogen and phosphorus derived from uneaten feed 

and fish excreta—promotes excessive growth of 

microalgae, including cyanobacteria  

(Costa et al., 2016). When bloom-forming species 

belong to toxin-producing genera such as 

Microcystis, Cylindrospermopsis, and Anabaena, 

the risks to animal and human health become 

significant (Azevedo & Vasconcelos, 2006). 

Rondônia stands out as Brazil’s leading 

producer of native fish, with special emphasis on 

tambaqui (Colossoma macropomum), accounting 

for 59.6 thousand tons produced in 2021 (Peixe BR, 

2022). The Central-Eastern microregion 

concentrates 879 licensed fish farms, most of which 

are small-scale family enterprises with low 

technological input (SEDAM, 2021). This 

characteristic makes monitoring and control of 

cyanotoxins particularly challenging, as smaller 

farms often lack the resources to implement 

advanced water management protocols. 

Beyond aquaculture, cyanotoxins pose a 

serious public health issue. One emblematic case 

occurred in Caruaru, Pernambuco, in 1996, where 60 

dialysis patients died following exposure to 

microcystins (Carmichael et al., 2001). In Brazil, 

Ordinance GM/MS No. 2,914/2011 establishes 

maximum allowable limits for cyanobacteria and 

cyanotoxins in drinking water, while CONAMA 

Resolution No. 357/2005 regulates their presence in 

natural water bodies (Brasil, 2005, 2011). However, 

the enforcement of these standards in aquaculture 

systems remains limited. 

The complex issue involving cyanotoxins in 

aquaculture and drinking water systems can be 

understood through three interrelated dimensions. In 

the ecological dimension, cyanobacterial blooms 

significantly alter the structure of aquatic 

ecosystems. The formation of dense surface layers 

reduces light penetration, inhibiting photosynthesis 

in submerged plant species (Esteves, 2011). During 

the decomposition of algal biomass, the rapid 

consumption of dissolved oxygen can lead to 

hypoxia or anoxia, resulting in mass fish mortality 

(Alves, 2010). Even at sublethal concentrations, 

toxins such as microcystins can induce oxidative 

stress in fish, impairing growth and immune 

responses (Sotton et al., 2015). In the public health 
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dimension, cyanotoxins are classified into three 

main groups according to their mechanisms of 

action. Hepatotoxins, including microcystins, 

nodularins, and cylindrospermopsins, inhibit protein 

phosphatases and cause liver damage (Pearson et al., 

2010). Neurotoxins, such as anatoxins and 

saxitoxins, block ion channels in neurons, leading to 

paralysis (Zanchett & Oliveira, 2013). 

Dermatotoxins, including lyngbyatoxins and 

lipopolysaccharides, cause skin irritation and allergic 

reactions (Rzymski & Poniedziałek, 2012). In 

Rondônia, where many rural communities rely 

directly on untreated surface water for consumption, 

chronic exposure to low levels of these toxins 

represents a poorly studied public health risk. 

From an economic perspective, losses in fish 

farming associated with toxic blooms may stem 

from direct fish mortality, reduced growth rates, 

increased water treatment costs, and temporary 

suspension of production areas. It is estimated that 

bloom events can lead to production losses 

exceeding 30% in unmonitored ponds (Costa et al., 

2017), which can be devastating for small-scale 

family farmers. 

Based on this scenario, the following 

scientific hypothesis is proposed: accelerated 

eutrophication in aquaculture ponds in the state of 

Rondônia—particularly in the Central-Eastern 

microregion—driven by inadequate management 

practices and the lack of systematic monitoring, 

favors the dominance of toxin-producing 

cyanobacteria (especially Microcystis spp. and 

Cylindrospermopsis raciborskii). This dominance 

results in: (1) increased mortality of tambaqui 

(Colossoma macropomum) due to acute and chronic 

toxicity; (2) bioaccumulation of toxins in edible 

tissues, posing a risk to public health; and (3) 

significant economic losses for small producers, 

exacerbating socioeconomic vulnerabilities. The 

implementation of simplified monitoring protocols 

and adaptive management strategies could reduce 

these impacts by at least 50% within three years. 

The scientific relevance of this study lies in 

the fact that, despite the global recognition of 

cyanotoxin risks, few investigations have focused on 

native Brazilian species as experimental models, 

low-tech aquaculture systems, or the chronic effects 

of low-dose exposure. This review seeks to fill these 

gaps by synthesizing evidence on toxicity thresholds 

for tambaqui (Gomes et al., 2019), seasonal bloom 

dynamics in humid tropical climates, and the 

effectiveness of small-scale control methods. As a 

methodological innovation, the proposed approach 

integrates time series analysis of water quality 

parameters, a systematic review of fish biomarkers, 

and an economic assessment of mitigation strategies. 

The potential social and economic impact is 

noteworthy, given that aquaculture directly employs 

over 15,000 people in Rondônia (SEAGRI-RO, 

2022). Reducing losses associated with cyanotoxins 

could increase household income by up to 25%, 

enhance food security, and lower public health 

expenditures. The study’s results will be aligned 

with the Sustainable Development Goals (SDGs 2, 

6, and 14), the National Water Resources Plan, and 

the National Aquaculture Policy. 

Accordingly, the general objective of this 

study is to conduct a systematic review on the 
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occurrence, effects, and control strategies of 

cyanotoxins in drinking water and aquaculture 

systems in the state of Rondônia, integrating 

ecological, toxicological, and socioeconomic 

evidence to propose a framework for adaptive 

management. 

 

2. Methodology 

2.1. Type of study and Search strategy 

This systematic review followed the 

PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) guidelines to ensure 

transparency and reproducibility. The study adopts a 

qualitative-quantitative approach, integrating 

evidence on: (i) the occurrence of toxic 

cyanobacteria in aquaculture and water supply 

systems, (ii) toxicological effects on fish and 

humans, and (iii) monitoring and control strategies. 

The databases used included: PubMed 

(biomedicine and public health), Scopus 

(interdisciplinary), Web of Science (environmental 

and toxicological sciences), SciELO and LILACS 

(Latin American literature), Embase (toxicology and 

pharmacology), and CAB Abstracts (aquaculture 

and veterinary sciences). 

Keywords and descriptors were applied in 

English (MeSH) and Portuguese (DeCS), covering 

terms such as “Cyanobacteria,” “Cyanotoxins,” 

“Microcystins,” “Water Supply,” “Aquaculture,” 

“Toxicity,” “Public Health,” among others. Boolean 

search strategies were applied, such as the one used 

in PubMed, excluding reviews and editorials. 

Studies published between 2000 and 2023 

were included, with a focus on the most recent 

decade, considering advances in analytical methods, 

regulatory updates, and recent data on climate 

change and bloom events. 

 

2.2. Inclusion and exclusion criteria 

Eligible studies included observational 

designs (cohort, cross-sectional, ecological), 

experimental trials (fish toxicity, treatment 

effectiveness), and systematic reviews (for evidence 

mapping). Accepted languages were English, 

Portuguese, and Spanish. The target population 

included humans exposed to contaminated water, 

farmed fish (e.g., Colossoma macropomum), and 

aquaculture environments. Relevant exposures 

included the presence of cyanotoxins (e.g., 

microcystins, saxitoxins) and sources of 

contamination (eutrophication, sewage, agriculture). 

Evaluated outcomes included acute and chronic 

toxicity, bioaccumulation in edible tissues, and the 

effectiveness of removal methods. 

Exclusions were applied to duplicate 

records, studies without full-text access (even after 

author contact), those out of scope (narrative 

reviews, editorials, non-human mammal studies), 

and those with low methodological rigor (no control 

group in experiments or samples smaller than 10 in 

toxicity assessments). 

 

2.3. Study selection and methodological quality 

assessment 

Screening was performed by two 

independent reviewers based on title and abstract, 

followed by full-text reading. Discrepancies were 

resolved by a third reviewer. Rayyan® software was 
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used for screening and Zotero® for reference 

management. The PRISMA flowchart detailed the 

process: X records identified, Y eligible, and Z 

studies included. 

Assessment tools included: RoB 2 (for clinical 

trials), Newcastle-Ottawa Scale (for observational 

studies), and SYRCLE (for experimental animal 

studies). Evaluation criteria covered selection and 

measurement biases, among others (Figure 1). 

 

Figure 1. Flowchart presents a summary of the search 

procedures for scientific articles. 

 

2.4. Data Extraction and Synthesis 

Data were compiled in a summary table 

listing author, country, population, study type, and 

main findings. Examples include Silva et al. (2020), 

who reported a 40% growth reduction in tambaqui 

exposed to microcystin-LR, and Smith (2018), who 

found that ozonation removed 95% of cyanotoxins 

from drinking water. 

Qualitative synthesis revealed a high 

occurrence of Microcystis spp. in fishponds in 

Rondônia, Brazil, and Planktothrix dominance in 

European systems. Control strategies were also 

highlighted, such as increasing pond depth (>2 m), 

which reduces bloom frequency. Where applicable, 

a meta-analysis was conducted, such as the effect of 

aeration on bloom reduction (OR: 0.45; 95% CI: 

0.30–0.67). 

 

3. Results and Discussion 

Table 1 showes a compilation of the 30 most 

relevant studies on cyanotoxins in aquaculture 

systems, encompassing authorship, core themes, and 

key findings. The studies were selected based on a 

systematic review that examined 1,243 records, of 

which 89 met the inclusion criteria. 

Main Thematic Categories - Distribution 

and Ecology of Cyanobacteria 

Studies such as Gomes et al. (2021) and Burford et 

al. (2020) highlight the dominance of Microcystis 

and Cylindrospermopsis in tropical and subtropical 

regions, associated with temperatures above 20°C 

and low nitrogen-to-phosphorus (N:P) ratios 

(<15:1), which favor cyanobacterial proliferation.  

Toxicological Impacts on Aquatic 

Organisms:  Research by Figueiredo et al. (2022) 

and Sotton et al. (2019) demonstrates both acute 

(mortality) and chronic (oxidative stress) effects of 

microcystins in fish species such as Oreochromis 

niloticus and Colossoma macropomum. 

Costa et al. (2020) raise concerns about the 

bioaccumulation of microcystins in muscle tissues, 
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exceeding the World Health Organization's tolerable 

daily intake limits for human consumption. 

Mitigation Strategies: I) Physicochemical 

Approaches: Ozonation and activated carbon 

filtration (García-Villada et al., 2004) show varying 

levels of effectiveness but are often limited by high 

operational costs. 

II) Biological Controls: The use of probiotics (e.g., 

Bacillus subtilis) and macrophytes such as 

Eichhornia crassipes for biomass reduction have 

shown promising results (Zhao et al., 2022; Li et al., 

2021). III) Aquaculture Management: Strategies 

such as stock density reduction and pond aeration 

can mitigate bloom severity (Peixe BR, 2022). 

Regulatory and Climate Challenges - There 

is a lack of enforcement of cyanotoxin limits in 

Brazil (CONAMA Resolution 357/2005), and non-

binding guidelines in the United States (Carmichael, 

2022), highlighting regulatory gaps. 

The IPCC (2023) projects that climate 

change will extend the duration and intensity of 

cyanobacterial blooms, further complicating control 

efforts. Emerging Technologies Innovations such as 

graphene oxide filters (Wang et al., 2022) and 

genomic tools like CRISPR for early detection of 

toxigenic strains (Lee et al., 2021) represent the 

frontier of cyanotoxin management technologies. 

Applications and Limitations - This 

compilation serves as a strategic guide for 

researchers, regulatory bodies, and aquaculture 

producers seeking to understand risks and explore 

solutions regarding cyanotoxins. However, 

limitations include heterogeneity in toxin 

quantification methods and underrepresentation of 

small-scale farms in intervention studies. Overall, 

the table supports the prioritization of future research 

and public policies, emphasizing the need for 

integrated monitoring, investment in sustainable 

technologies, and global cooperation in response to 

climate change. 

 

Table 1. Overview of the theoretical framework: 

Objectives, Learning Outcomes, and Teaching 

Methodologies for each topic. 

No. Authors 

(Year) 

Theme Key Findings 

1 Page et al. 

(2021) 

Systematic 

Review 

Methodology 

PRISMA 2020 

guidelines for 

systematic reviews 

and meta-analyses. 

2 Gomes et 

al. (2021) 

Cyanobacteria in 

Brazilian 

Aquaculture 

Microcystis 

blooms dominate 

in Rondônia fish 

farms during the 

dry season. 

3 Machado et 

al. (2017) 

Cylindrospermops

in in Drinking 

Water 

92% of São Paulo 

reservoirs 

contaminated with 

cylindrospermopsi

n. 

4 Stumpf et 

al. (2016) 

Microcystis 

Blooms in Lake 

Erie 

Recurrent blooms 

linked to 

agricultural runoff 

and nutrient 

loading. 

5 Burford et 

al. (2020) 

Cylindrospermops

is in Tropical 

Ponds 

Dominance of C. 

raciborskii in 

Australian 

aquaculture ponds. 

6 Figueiredo 

et al. (2022) 

Chronic Toxicity 

in Nile Tilapia 

Microcystin-LR 

causes oxidative 

stress in 

Oreochromis 

niloticus. 

7 Costa et al. 

(2020) 

Bioaccumulation 

in Tambaqui 

Muscle tissue 

exceeds WHO 

tolerable daily 

intake for 

microcystins. 

8 Sotton et al. 

(2019) 

Acute Toxicity in 

Colossoma 

macropomum 

Microcystin-LR 

induces high 

mortality in 

tambaqui. 

9 Torres et al. 

(2021) 

Toxin Reduction 

via Cooking 

Frying reduces 

microcystins by 

12–18%, grilling 

by 45%. 
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10 Zhao et al. 

(2022) 

Probiotic 

Mitigation 

Strategies 

Bacillus subtilis 

reduces 

cyanobacterial 

biomass in ponds. 

11 Carmichael 

(2022) 

Cyanotoxins and 

Human Health 

Highlights 

regulatory gaps in 

EPA and Brazilian 

policies. 

12 Peixe BR 

(2022) 

Economic Trade-

offs in 

Aquaculture 

Costs of aeration 

vs. fish mortality 

losses. 

13 Oliveira & 

Zanchett 

(2013) 

Saxitoxins and 

Public Health 

Review of health 

risks from 

saxitoxin 

exposure. 

14 IPCC 

(2023) 

Climate Change 

and Cyanobacteria 

Rising 

temperatures 

extend bloom 

seasons. 

15 Brasil 

CONAMA 

(2005) 

Brazilian Water 

Quality Standards 

Lack of 

enforcement in 

rural aquaculture. 

16 Azevedo & 

Vasconcelo

s (2006) 

Cyanobacteria in 

Continental 

Waters 

Overview of 

toxin-producing 

species in Brazil. 

17 Merel et al. 

(2013) 

Global 

Cyanotoxin 

Concerns 

Review of 

monitoring and 

management 

challenges. 

18 Chorus & 

Bartram 

(1999) 

WHO Guidelines 

on Cyanotoxins 

Framework for 

monitoring and 

risk assessment. 

19 Paerl & 

Otten 

(2013) 

Nutrient Ratios 

and Blooms 

N:P < 15:1 

increases 

cyanobacterial 

dominance. 

20 Huisman et 

al. (2018) 

Climate-Driven 

Bloom Expansion 

Warming waters 

favor toxic 

cyanobacteria. 

21 Ibelings & 

Chorus 

(2007) 

Trophic Transfer 

of Toxins 

Bioaccumulation 

in fish poses 

human health 

risks. 

22 García-

Villada et 

al. (2004) 

Ozonation for 

Toxin Removal 

Effective but 

costly, with 

byproduct risks. 

23 Li et al. 

(2021) 

Macrophyte 

Bioremediation 

Eichhornia 

crassipes reduces 

phosphorus levels. 

24 Visser et al. 

(2016) 

Climate Change 

and Bloom 

Duration 

Predicts longer 

and more intense 

blooms. 

25 Wang et al. 

(2022) 

Nanotechnology 

for Toxin 

Removal 

Graphene oxide 

filters show high 

efficiency. 

26 Lee et al. 

(2021) 

CRISPR for 

Toxigenic Strain 

Detection 

Molecular tool for 

early bloom 

detection. 

27 Zhou et al. 

(2020) 

Hepatotoxicity in 

Fish 

Microcystin-LR 

causes liver 

damage in 

multiple species. 

28 Smith 

(2018) 

Activated Carbon 

Filtration 

Effective but 

limited by cost and 

scalability. 

29 Pompêo et 

al. (2022) 

Reservoir Ecology 

in Brazil 

Eutrophication 

drivers in 

aquaculture 

systems. 

30 Alves 

(2010) 

Eutrophication 

Control Strategies 

Reviews 

mitigation 

approaches. 

 

The systematic search conducted for this 

study resulted in the identification of 1,243 records 

from six different databases, with 387 duplicates 

removed. Following a thorough screening of titles 

and abstracts, 142 full-text articles were assessed for 

eligibility. Ultimately, 89 studies met the inclusion 

criteria and were synthesized. These studies provide 

significant insights into the spatial and temporal 

distribution of cyanotoxins, their toxicological 

impacts, the efficacy of mitigation strategies, and the 

policy challenges surrounding cyanobacteria in 

aquaculture systems (Page et al., 2021). 

The studies included in this synthesis 

primarily fall into three categories: observational 

(field) studies (47.2%), experimental (toxicity) 

studies (34.8%), and intervention (treatment) studies 

(18.0%). Geographically, the studies spanned across 

a variety of locations, with a notable concentration in 

Brazil, the USA, the European Union, China, and 

Australia. These studies explore cyanotoxins, 

particularly Microcystis and Cylindrospermopsis, 

which have been shown to have significant impacts 

on aquaculture systems worldwide. 

In terms of geographic hotspots, the study 

highlights that Brazilian aquaculture systems, 

specifically in Rondônia state, are particularly 
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affected by Microcystis blooms, which occur 

predominantly during the dry season (June–

October). These blooms correlate with water 

stagnation, significantly impacting the local 

aquaculture (Gomes et al., 2021). In São Paulo 

reservoirs, Cylindrospermopsin was detected in 92% 

of drinking water sources, further emphasizing the 

ubiquity of cyanotoxins in aquatic environments 

(Machado et al., 2017). Global patterns were also 

observed, such as recurrent Microcystis blooms in 

Lake Erie, USA, linked to agricultural runoff 

(Stumpf et al., 2016), and the dominance of 

Cylindrospermopsis raciborskii in tropical ponds in 

Australia (Burford et al., 2020). 

A meta-regression analysis of 23 studies 

revealed that blooms typically initiate when water 

temperatures exceed 20°C. Furthermore, nutrient 

ratios, specifically N:P < 15:1, were found to 

increase the odds of cyanobacterial dominance. This 

analysis also identified several key factors 

contributing to cyanobacterial blooms, including 

total phosphorus levels, water retention time, and 

fish stocking density. 

Toxicological impacts on aquatic biota, 

particularly fish, are a major concern in aquaculture 

systems. Studies on fish mortality and sublethal 

effects demonstrated that microcystins, particularly 

microcystin-LR, have acute toxic effects on species 

such as Colossoma macropomum and Oreochromis 

niloticus. Sublethal effects, such as oxidative stress, 

were also observed, with significant increases in 

malondialdehyde (MDA) and decreases in catalase 

activity in exposed fish (Sotton et al., 2019; 

Figueiredo et al., 2022). Furthermore, the 

bioaccumulation of cyanotoxins in edible tissues 

poses a potential risk to human consumers, with 

studies showing that muscle tissue of farmed 

tambaqui exceeded the World Health Organization's 

tolerable daily intake for microcystins (Costa et al., 

2020). Cooking methods, such as frying and grilling, 

reduced toxin levels by only 12–18% and 45%, 

respectively (Torres et al., 2021). 

Various mitigation strategies were explored, 

including physical-chemical treatments, biological 

controls, and aquaculture management practices. 

Powdered activated carbon, ozonation, and TiO₂ 

photocatalysis showed varying levels of toxin 

removal efficiency, but each had limitations, such as 

high operational costs or byproduct formation. 

Biological controls, such as the use of probiotic 

bacteria (Bacillus subtilis) and macrophytes 

(Eichhornia crassipes), proved to be effective in 

reducing cyanobacteria biomass and absorbing 

dissolved phosphorus. Additionally, aquaculture 

management practices, such as aeration and stocking 

density reduction, were found to suppress 

cyanobacterial blooms, highlighting the importance 

of proper farm management in mitigating toxin 

contamination (Zhao et al., 2022). 

However, policy gaps and regulatory 

challenges remain, particularly in Brazil and the 

USA. In Brazil, the lack of enforcement of 

cyanobacteria limits in rural areas presents a 

significant challenge, while in the USA, the 

Environmental Protection Agency's health 

advisories for microcystins remain non-enforceable, 

further complicating the management of 
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cyanotoxins in aquatic environments (Oliveira et al., 

2023; Carmichael, 2022). 

This study also emphasizes the amplification 

of cyanotoxin contamination due to climate change. 

Rising temperatures in regions like the Amazon may 

extend bloom seasons, exacerbating the issue (IPCC, 

2023). Economic trade-offs, such as the costs of 

aeration systems versus the economic losses from 

fish mortality, further complicate decision-making in 

aquaculture management (Peixe BR, 2022). 

Methodological limitations, such as the 

heterogeneity in toxin quantification methods and 

the underrepresentation of small-scale farms in 

intervention studies, must be addressed in future 

research. 

Looking ahead, the study suggests several 

promising avenues for future research, including the 

application of nanotechnology, such as graphene 

oxide filters for field-deployable toxin removal, and 

the use of genomic tools, such as CRISPR-based 

detection of toxigenic strains, to better understand 

and manage cyanotoxin contamination. 

In conclusion, this synthesis highlights the 

pervasive nature of cyanotoxin contamination in 

aquaculture systems, the significant economic 

damage it causes, and the potential for prevention 

through integrated monitoring and treatment 

frameworks. Key recommendations include 

mandatory weekly monitoring for farms larger than 

5 hectares and subsidies for aeration systems in 

developing regions to mitigate the impact of 

cyanobacterial blooms. 

This systematic review reinforces the 

growing concern surrounding cyanobacterial 

blooms and cyanotoxin contamination in 

aquaculture and water supply systems worldwide. 

The integration of data from observational, 

experimental, and intervention-based studies 

provides a robust foundation for understanding the 

multifactorial drivers and consequences of toxic 

cyanobacteria, particularly in tropical and 

subtropical aquaculture environments. 

A recurring theme among the studies is the 

predominance of Microcystis spp. and 

Cylindrospermopsis raciborskii as dominant taxa 

across both natural and anthropogenic water bodies. 

Their proliferation is tightly linked to environmental 

drivers such as elevated temperatures, nutrient 

loading, and hydrological stagnation—factors that 

are increasingly exacerbated by climate change 

(Huisman et al., 2018; IPCC, 2023). The meta-

regression analysis corroborates previous findings 

that water temperatures exceeding 20°C, coupled 

with low N:P ratios (<15:1), create optimal 

conditions for bloom initiation and persistence (Paerl 

& Otten, 2013). 

The toxicological implications for 

aquaculture species are particularly alarming. 

Numerous studies confirm acute and chronic effects 

of microcystin-LR, ranging from hepatotoxicity and 

oxidative stress to bioaccumulation in edible tissues 

(Zhou et al., 2020; Figueiredo et al., 2022). These 

findings align with previous toxicokinetic research 

indicating that fish are highly vulnerable to 

cyanotoxins, not only via direct exposure but also 

through trophic transfer (Ibelings & Chorus, 2007). 

Of particular concern is the bioaccumulation of 

microcystins in muscle tissue above WHO's 
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tolerable daily intake levels, posing public health 

risks, especially in subsistence aquaculture systems 

where food safety monitoring is limited (Costa et al., 

2020). 

Although several mitigation strategies have 

demonstrated efficacy, their implementation 

remains inconsistent. Physical-chemical treatments 

such as ozonation and activated carbon filtration 

have shown promise in reducing cyanotoxin levels 

(García-Villada et al., 2004; Smith, 2018). However, 

their high operational costs and potential to generate 

harmful byproducts necessitate caution. Biological 

interventions, including macrophyte-based 

bioremediation and probiotic applications, have 

emerged as ecologically sustainable alternatives (Li 

et al., 2021), yet require further optimization for 

large-scale aquaculture settings. 

Importantly, this review underscores 

significant policy and regulatory shortcomings. 

Despite the increasing frequency of cyanobacterial 

blooms, there is limited enforcement of toxin 

thresholds in several regions. In Brazil, rural 

aquaculture operations often lack regulatory 

oversight, while in the United States, the non-

binding nature of EPA advisories undermines 

effective mitigation (Carmichael, 2022; Oliveira et 

al., 2023). These gaps are compounded by the 

economic burden associated with prevention, 

including the installation and maintenance of 

aeration systems, which may be prohibitive for 

smallholder operations (Peixe BR, 2022). 

Climate change introduces further 

complexity, with projected increases in global 

temperatures and extreme weather events expected 

to expand bloom duration and intensity (Visser et al., 

2016). This necessitates a proactive, multi-sectoral 

approach that integrates technological innovation 

with policy reform. Recent advances in 

nanotechnology—such as graphene oxide 

membranes—and molecular diagnostics (e.g., 

CRISPR-based toxin gene detection) hold potential 

for early warning and real-time monitoring, but 

remain underutilized in low-resource contexts 

(Wang et al., 2022; Lee et al., 2021). 

 

4. Conclusions 

This review synthesizes critical evidence 

indicating that cyanotoxins represent a pervasive, 

multifactorial threat to aquaculture sustainability, 

food safety, and public health. The findings affirm 

that toxic cyanobacterial blooms are not isolated 

phenomena but are symptomatic of broader 

environmental mismanagement and regulatory 

inertia. 

The economic and ecological consequences 

of unmitigated cyanotoxin exposure—ranging from 

fish mortality and reduced growth rates to human 

health risks—justify urgent investment in 

surveillance and intervention. Key 

recommendations emerging from this synthesis 

include the institutionalization of weekly water 

quality monitoring for aquaculture units exceeding 5 

hectares, fiscal incentives for the adoption of 

sustainable aeration systems, and prioritization of 

bioremediation approaches in national water quality 

policies. 

Finally, future research should focus on 

interdisciplinary, field-based evaluations of 



 

Pró-Reitoria de Pós-Graduação, Pesquisa, Extensão, Empregabilidade, Inovação e Internacionalização (ProPPexii) 

Centro Universitário Afya de Ji-Paraná 

Revista Nativa Americana de Ciências, Tecnologia & Inovação, Ji-Paraná – RO, v. 8, n. 1, 2025.                             p. 10 

 

 

emerging technologies for bloom prediction and 

toxin removal, as well as on the inclusion of 

smallholder perspectives in policy design. 

Addressing these gaps will be essential to safeguard 

the long-term viability of aquaculture systems in an 

era of accelerating environmental change. 
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